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    The changes in the concentration of total protein, total free amino acids 
and free proline in the leaves of drought susceptible and drought tolerant 
varieties of peanut was studied under various durations of drought stress. In 
addition, the relative water content in the leaves was also analyzed. Under 
drought stress, the concentration of total protein was found to decrease in 
both drought susceptible and drought tolerant varieties and the degree of 
decrease was found to be higher in drought susceptible variety compared to 
drought tolerant variety. Whereas, the content of free amino acids was found 
to be higher in both the varieties and the increase in drought tolerant variety 
was found to be more significant than drought susceptible variety. The 
concentration of proline (a major osmolyte) was found to be significantly 
higher in the drought tolerant variety compared to drought susceptible 
variety. Further, the increase in the proline content under increasing drought 
stress (21 days) was found to be more than 2 folds in the tolerant variety 
when compared with susceptible variety. The relative water content was 
found to be inversely proportional to the proline accumulation. The results 
are discussed in the light of proline, acting as an osmolyte, facilitating the 
development of drought tolerance. 
Copy Right, IJAR, 2014,. All rights reserved 
 
 
Introduction 
 
    Peanut (Arachis hypogaea L.) is an important oilseed crop with 44–56% oil and 22–30% protein on a dry seed 
basis (Savage & Keenam, 1994). It is grown on 19.3 million hc. of land area in about 82 countries and more than 
half of the production area is in arid and semi-arid regions, where it is frequently exposed to drought stress of 
different durations and intensities (Reddy et al., 2003). The major peanut producing countries such as China, India, 
Nigeria and USA are all facing severe water shortage for crop irrigation, which would definitely affect the world 
peanut production in the future (Long et al., 2010).  
    To cope with adverse effects of drought stress, plants have evolved morphological, anatomical, physiological, 
biochemical, and molecular strategies that enable them to survive under stress conditions (Chaves et al., 2003). 
Among the physiological strategies, accumulation of osmolyte is one of the most efficient method that assist plants 
to combat the detrimental effects of water deficit. Osmolytes are compatible solutes that accumulate at high 
intracellular concentrations without hindering normal cellular metabolism and thus facilitate the maintenance of 
favorable osmolality during water stress and several osmolytes such as proline are known to provide tolerance at 
both vegetative and reproductive phases of the crop development (Ramanjulu & Bartels, 2002). Besides osmotic 
adjustment and maintaining turgor, these osmolytes are involved in signaling and regulating plant responses to 
multiple stresses (Yancey et al., 1982).  
    Proline, an imino acid with an exceptional conformational rigidity, zwitterionic and high hydrophilic 
characteristics acts as one of the most common compatible osmolyte in plants under drought stress                  
(McCue & Hansen, 1990). Among all the amino acids, proline has the highest water solubility and exists in a 
zwitterionic state. Proline shares this property with other compounds and is collectively referred as                  
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“compatible solutes” that are accumulated in the wide range of organisms to adjust cellular osmolarity (Yancey, 
2005). Therefore, a comprehensive study is undertaken to elucidate the adaptive mechanisms involving proline 
accumulation in drought susceptible and drought tolerant genotypes of peanut, in order to gain further insight into 
the development of stress tolerance in peanut plant. 
 
Materials and Methods 
 
Sample collection 
    Drought susceptible (JL-24) and drought tolerant (K-1375) peanut varieties were collected from Acharya N.G. 
Ranga Agri-University, ARS, Kadiri, Andhra Pradesh, India. The collected seeds were sown in different pots filled 
with soil and sand (2:1).  Plants were maintained for 60 days with watering every day for a minimum growth stage 
under natural photoperiod of about 10-12 h with a temperature of about 26 ± 4
0
C. After 60 days, the pots were 
segregated as control and experimental sets. The experimental sets were subjected to 3 different durations of drought 
such as 7, 14 and 21 days. The leaves from the experimental sets along with their respective control were harvested, 
surface sterilized with 0.2% HgCl2 solution for 5 min, then thoroughly washed with distilled water and taken for 
measurement of relative water content and analysis of total protein, total free amino acids and free proline contents. 
 
Measurement of relative water content (RWC) 
    For measurement of relative water content (RWC), the fresh weight (FW) of harvested leaves was recorded. 
Then, the leaves were dipped in deionized water and kept at 4
o
C for 12 h to allow the leaves to rehydrate. The leaves 
were blotted dry on a blotting paper and the weight was recorded as the turgid weight (TW). The leaves were then 
dried in a hot-air oven at 80
o
C for 12 h and the dry weight (DW) was recorded. The RWC was then measured and 
calculated as per the method described by Sharp et al. (1990). 
 
Estimation of total protein 
    A 10% homogenate of the fresh leaf samples was prepared with extraction buffer (50 mM Tris buffer pH 8.0,     
50 mM NaCl, 2 mM EDTA, 50 mM DTT, 1 mM PMSF and 0.5% PVP) in pre-chilled mortar and pestle using liquid 
nitrogen.. The homogenate was centrifuged (Remi-24BL) at 11,500 rpm for 10 min at 4
o
C, the supernatant was 
collected and used for protein estimation. The total protein was estimated by the method described by              
Lowry et al. (1951). 
 
Estimation of total free amino acids 
    The concentration of total free amino acids was estimated following the method described by Yemm & Cocking 
(1955). A 10% homogenate of the fresh leaf samples was prepared with absolute alcohol and centrifuged at         
3000 rpm for 15 min at room temperature. The supernatant was collected and used as sample for the estimation of 
total free amino acids. To 50µl of the sample, distilled water was added to make up the volume to 1.0 ml. One 
milliliter of ninhydrin reagent was added and kept in water bath for 10 minutes. After cooling, 3.0 ml of propanol-
water mixture (1:1) was added. The absorbance was measured at 570 nm using Spectrophotometer                       
(UV-1800, Shimadzu) and total free amino acid content was estimated using glycine standard.  
 
Estimation of free proline content 
    Free proline content was determined according to the method described by Bates et al., (1973) with slight 
modifications. A 2% homogenate of the fresh leaf was prepared with 3% aq. sulfosalicylic acid and centrifuged at 
11500 rpm at 4
o
C for 15 min. Two milliliter of supernatant was taken and 2 ml of glacial acetic acid and acid 
ninhydrin reagent was added. The reaction mixture was boiled in water bath for 60 min and then cooled on ice. Then 
4 ml of toluene was added and incubated at room temperature for 30 min. Tubes were then shaken for 15 sec and 
allowed to stand for 10 min for phase separation. The upper phase was separated and absorbance was measured 
using spectrophotometer and the concentration of free proline was calculated using proline standard. 
 
*All the experiments were carried out in triplicates (n=3) and results are presented with mean and standard deviation 
(S.D.). 
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Results 
 
    Changes in the relative water content, total protein, total free amino acids and free proline in the leaves of 
drought susceptible (JL-24) and drought tolerant (K-1375) varieties of peanut plants exposed to different durations 
of drought stress are presented in the figures.  
 
Relative water content 
    In control plants of both JL-24 and K-1375 varieties, there was a steady decrease in RWC with increase in the age 
of the plant. A significant decrease in RWC was observed with increase in the intensity of drought stress in both the 
varieties. However, the decrease in RWC in JL-24 (susceptible) variety was found to be more significant than         
K-1375 (tolerant) variety. In JL-24 variety, the RWC was found to be 61.03 % and 37.60% on 7
th
 and 21
st
 day of 
drought stress whereas, in K-1375 variety, RWC was found to be 78.87% and 54.53% on 7
th
 and 21
st
 day 
respectively (Fig. 1). 
 
Concentration of total protein 
    The total protein content was found to increase with increase in the age of the plant in both drought susceptible 
(JL-24) and drought tolerant (K-1375) varieties. Whereas, a significant decrease in the total protein content was 
observed in both the varieties under different durations of drought. However, the decrease in the total protein content 
in drought susceptible (JL-24) variety was found to be more significant than drought tolerant (K-1375) variety.        
In JL-24 variety, the concentration of total protein was found to be the maximum (83.22 mg/g) on 7
th
 day and the 
minimum (64.78 mg/g) on 21
st
 day and 69.45 mg/g on 14
th
 day of drought stress (Fig. 2). In K-1375 variety, the total 
protein was found to be the maximum of (133.56 mg/g) on 7
th
 day and the minimum (116.45 mg/g) on 21
st
 day and 
127.44 mg/g on 14
th
 day of drought stress (Fig. 2).  
 
Concentration of total free amino acids 
    In general, there was a steady increase in total free amino acid content with increase in the age of the plant in both 
drought susceptible (JL-24) and drought tolerant (K-1375) varieties. A significant increase in the total free amino 
acids was observed in both the varieties at different durations of drought. Further, the increase in the total free amino 
acids in drought tolerant (K-1375) variety was found to be more significant than drought susceptible (JL-24) variety. 
In JL-24 variety, the concentration of total free amino acids was found to be the highest of 4.261 mg/g on 21
st
 day 
followed by 3.108 mg/g on 14
th
 day and 2.028 mg/g on 7
th
 day of drought stress (Fig. 2). In K-1375 variety, the total 
free amino acid content was found to be the maximum of 6.124 mg/g on 21
st
 day, the minimum on of 3.192 mg/g on 
7
th
 day of drought and 4.784 mg/g on 14
th
 day of drought stress (Fig. 3). 
 
Free proline content 
    The free proline content did not show any change with increase in the age of the plant in both drought susceptible 
(JL-24) and drought tolerant (K-1375) varieties. Whereas, it increased significantly under drought stress in both the 
varieties (Fig. 4). However, the increase in the content of free proline in K-1375 variety was found to be more 
significant than JL-24 variety. In JL-24, the concentration of free proline was found to be the maximum (1.776 
µmole/g) on 21
st
 day, the minimum on (0.934 µmole/g) on 7
th
 day and 1.667 µmole/g on 14
th
 day of drought stress 
(Fig. 3). In K-1375 variety, the free proline content was found to be the maximum of 6.751 µmole/g on 21
st
 day 
followed by 5.104 µmole/g on 14
th
 day and 2.533 µmole/g on 7
th
 day of drought (Fig. 4).  
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Fig 1: Relative water content (%) in the leaves of drought susceptible (JL-24) and drought tolerant               
          (K-1375) varieties of peanut under different durations of drought. 
 
 
 
Fig 2: Concentration of total protein (mg/g) in the leaves of drought susceptible (JL-24) and  
           drought tolerant (K-1375) varieties of peanut under different durations of drought. 
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Fig 3: Concentration of free amino acids (mg/g) in the leaves of drought susceptible (JL-24) and  
           drought tolerant (K-1375) varieties of peanut under different durations of drought. 
 
 
 
Fig 4: Concentration of free proline (µmole/g) in the leaves of drought susceptible (JL-24) and drought   
           tolerant (K-1375) varieties of peanut under different durations of drought. 
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Discussion 
 
    Peanut is a relatively drought tolerant crop having improved water-use efficiency mechanisms that allow the 
plant to withstand water stress for certain period of time (Nautiyal et al., 2002). One of the early responses of 
drought stress is the decrease of RWC, which is considered to be the best physiological measure of plant water 
status, representing water potential, turgor potential and osmotic adjustment in the plant (Rampino et al., 2006 and         
Sanchez et al., 2010). In the present study, drought susceptible (JL-24) and drought tolerant (K-1375) varieties were 
evaluated for their drought tolerance based on reduction in RWC. The ability of K-1375 variety to maintain high 
RWC is a resistant mechanism which may be a result of efficient osmotic regulation due to favorable osmolarity 
maintained by various osmolytes. On the contrary, drought susceptible variety (JL-24) showed reduction of RWC to 
a greater extent attributing its inability to accumulate osmolytes over longer periods leading to decreased osmotic 
potential. RWC is reported to be an important indicator of plant water status in tomato, maize, wheat etc. for 
screening tolerant and sensitive cultivars (Khanna-Chopra & Selote, 2007 and Sanchez et al., 2010).  
    The total protein content in the plant decreases due to abiotic stress (Baruah et al., 1998). A class of proteins, 
called late embryogenesis abundant globular protein known as osmotin or dehydrin (Singh, 2003), are shown to 
accumulate in dry seeds, which play an important role in the regulation of dehydration in seeds. Water stress 
condition caused a marked change in protein synthesis mechanism in plants (Genkel, 1967) with a decrease in the 
rate of protein synthesis (Hsiao, 1970). In the present study, the total protein content in the leaf of both the varieties 
was found to be lower under all stress regime compared to the control. However, the higher protein content in 
drought tolerant variety (K-1375) compared to drought susceptible variety (JL-24) is in agreement with the earlier 
findings (Chinoy et al., 1974). The alteration in protein synthesis is one of the fundamental metabolic processes that 
influence water stress tolerance (Jiang & Huang, 2002 and Ouvrard et al., 1996). Thus it is presumed that under 
drought stress, a large set of genes get activated leading to the synthesis of new proteins that might contribute to 
osmotic adjustments thus conferring tolerance to drought stress (Chandler & Robertson, 1994). 
    The significant increase in total free amino acid content was observed in both the varieties under increasing 
drought stress. However, the increase in the content of total free amino acids in drought tolerant (K-1375) variety 
was found to be more significant than drought susceptible (JL-24) variety. A significant increase in the free amino 
acid content under drought stress in both the varieties may be due to the increased protein degradation that might 
contribute to the increase in the osmotic potential which leads to the development of tolerance in plants against 
water stress. An increase in the level of free amino acids under drought stress may suggest enhanced metabolite 
level for cellular homeostasis. In addition, free amino acids have been shown to promote K
+
 uptake and Ca
2+
 uptake 
contributing to osmoregulation through inorganic solutes (Navari-Izzo et al., 1990). 
    Proline, a proteinogenic amino acid, acts as one of the most common non-toxic and compatible osmolyte in 
drought-stressed plants (McCue & Hanson, 1992). The accumulation of proline in plant tissues is a clear marker of 
environmental stress, particularly the drought stress (Routley, 1966). In the present investigation, an increased 
accumulation of proline was observed with increase in the intensity of drought stress in both the varieties. The 
increase in the accumulation of proline under increasing drought stress (21 days) was found to more than 2 times in 
drought tolerant variety (7.6 folds) when compared with the susceptible variety (3.5 folds). The change in proline 
content was found to be inversely proportional to the relative water content. The higher concentration of proline 
observed in water stressed plants indicates an efficient mechanism for osmotic regulation, stabilization of sub-
cellular structures and cellular adaptation to water stress which is in agreement with the earlier reports              
(Gunes et al., 2008). Thus accumulation of proline is believed to play an adaptive role in plants during drought 
stress. Variations in the accumulation of proline during drought stress have been reported in different genotypes and 
a positive correlation between magnitude of proline accumulation and drought tolerance has been suggested as an 
index for determining drought tolerance potential of cultivars (Blum & Ebercon, 1976). The present study shows a 
strong positive correlation between accumulation of proline and drought tolerance in peanut genotypes. The 
significant increase in the concentration of proline in drought tolerant variety (K-1375) shows its possible role to 
overcome prolonged drought through osmotic adjustments. Whereas, in JL 24, the increase in the accumulation of 
proline was not to the extent as observed in tolerant variety, thus might prove the plant’s inability to overcome 
drought stress. Proline accumulation has been reported under drought stress in several crops like rice, pea and maize                  
(Alexieva et al., 2001; Ayerb & Tenori, 1998 and Choudhary et al., 2005). Proline level thus could be used as a 
reliable index to screen plants tolerant to drought stress. 
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Conclusion 
 
    From the present study, it can be surmised that the drought tolerant variety maintained high relative water content 
during drought stress which may be due to efficient osmotic regulation maintained by accumulation of proline. In 
addition, increase in the level of free amino acids and relatively higher protein content in drought tolerant variety 
compared to drought susceptible variety during all drought stress regimes suggest an enhanced intracellular 
metabolite level for maintaining cellular homeostasis. Hence, the present study throws light in the understanding of 
the physiology of drought tolerance in peanut plant, which might act as an indicator for the breeders to identify the 
suitable genotypes for drought prone areas. 
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